





















$H(tt)$ $u(x)\in C(x)$ Darboux ([O2] )
[Z-M]
$u(x)$ $\Omega\subset P_{1}=C\cup\{\infty\}$ $A_{u}$ $u(x)$
A $\mathcal{K}_{u}$ $\mathcal{A}_{u}$ $\mathcal{K}_{u}$
(1) $H(u)f(x)=-f^{u}(x)+u(x)f(x)=0$
$f(x)$ $q(x)=(\log f(x))’$ 1 $A_{\pm}=\pm\partial+q(x)$
$H(u)=A_{+}\cdot A_{-}$ $\hat{H}(u)=$
$A_{-}\cdot A+$ $H(u)$ $f(x)$ Darboux $\circ$ $\hat{u}(x)=u(x)-2q’(x)$
$\hat{H}(u)=H(\hat{u})$ $\hat{u}(x)$ $u(x)$ $f(x)$ Darboux
$\hat{u}(x)\in \mathcal{K}_{u}$ ‘ $\hat{u}(x)$ $u(x)$
$\hat{H}(u)$ $\hat{u}(u)$ Darboux
( ‘ [O-M] )
$u(x)\equiv 0$ $\mathcal{K}$ $=C$ $H(0)f=-f”=0$
$f(x)\equiv 1$ Darboux $0$ Darboux









$= \mathcal{K}_{u}<\int p(x)dx;p(x)\in \mathcal{K}_{u}$ and ${\rm Res}_{x=a}p(x)=0$ $\forall a\in\Omega>$ .
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Liouville (cf. $[K$ ;p408])
BSimon
Gesztesy $[G]$ $[G- H- S- S]$ $[G- K- Z]$ $[G- S]$ $[G- S- S]$
[G-Z] Darboux
’
$[01]$ $[02]$ $[03]$ [O-M]
$’\circ$
2. $\mathcal{R}_{\infty}(\Omega)$ .
$\Omega$ $u(x)$ $u(x)$ Darboux
$\hat{\mathcal{K}}$ [O-M1
[O-M] Darboux $\hat{u}(x)$ \in K
$f_{f}\cdot(x),$ $j=1,2$ (1) $t\in P_{1}$
$q(x,t)=\{\begin{array}{l}\partial log(f_{1}(x)+tf_{2}(x))\partial logf_{2}(x)\end{array}$ $t\in Ct=\infty$
$u(x)$ Darboux 1-
$\hat{u}_{t}=\hat{u}(x, t)=u(x)-2q_{x}(x,t)$
$\chi(u)=\{t\in P_{1}|\hat{u}(x, t)\in\hat{\mathcal{K}}$ $\}$
$\chi(u)$ $\#\chi(u)$
$\# A$ $A$ $k\in N$ $\backslash \hat{\mathcal{R}}_{k}(\Omega)$ $\Omega$
$\# x(u)\geq k$ $\hat{\mathcal{R}}_{\infty}(\Omega)$ $\chi(u)=P_{1}$
$\eta(x;u)=\frac{f_{2}(x)}{f_{1}(x)}$





1. $u(x)\in\hat{\mathcal{R}}_{\infty}(\Omega)$ $\eta(x;u)$ \in K^
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( )
. $k\geq 3$ $\hat{\mathcal{R}}_{k}(\Omega)=\hat{\mathcal{R}}_{\infty}(\Omega)$
$\eta(x;u)$ k
2. $u(x)\in\hat{\mathcal{R}}_{2}(\Omega)$ $\eta’$ ( $x$ ;u)\in K^ $u(x)\in\hat{\mathcal{R}}_{\infty}(\Omega)$
$rank_{\Lambda}u(x)<\infty$ $H(u)$
Darboux





$(\Lambda- algorithm)$ [O2] [O3]
$\Lambda(u)=\partial^{-1}\cdot(\frac{1}{2}u’(x)+u(x)\partial-\frac{1}{4}\partial^{3})$












$KdV$ $[O2$ , Theorem $3]$
[O3, 1] $n=rank_{\Lambda}(u(x)-\lambda)$
(2) $Z_{n+1}(u- \lambda)=\sum_{\nu=0}^{n}b_{\nu}(\lambda)Z_{\nu}(u-\lambda)$





$\Delta(\lambda;u)=F_{x}(a, \lambda)^{2}-2F(a, \lambda)F_{xx}(a, \lambda)+4(u(a)-\lambda)F(a, \lambda)^{2}$
$\Delta(\lambda;u)$ ( $a$ ) $2n+1$ $\lambda$
$\Gamma(u)=\{\lambda\in C|\Delta(\lambda;u)=0\}$
$\lambda_{j}\in\Gamma(u),$ $j=0,1,$ $\cdot\cdot,$ $2n$ $f(x, \lambda_{j})=F(x, \lambda_{j})^{\frac{1}{2}}$
$(H(u)-\lambda_{j})f(x, \lambda_{j})=0$
Darboux $f_{j}(x, \lambda),$ $j=1,2$
$(H(u)-\lambda)f(x)=0$ , $\lambda\in C$
$q(x, t;\lambda)=\{\begin{array}{l}\partial log(f_{1}(x,\lambda)+tf_{2}(x,\lambda)),t\neq\infty\partial logf_{2}(x,\lambda),t=\infty\end{array}$
$u_{\lambda,t}^{*}=u^{*}(x, t;\lambda)=u(x)-2q_{x}(x, t;\lambda)$
$H(u_{\lambda,t}^{*})$ $u_{\lambda,t}^{*}$ Darboux






$F(x, \lambda_{j})\in A_{u}$ $u^{*}(x, 0;\lambda_{j})\in \mathcal{K}_{u}$
(3) ${\rm Res}_{x=a} \frac{1}{F(x,\lambda_{j})}=0\cdot\forall a\in\Omega$
$t\in P_{1}$ $u^{*}(x,t;\lambda_{j})$ \in K^
4. $n=rank_{\Lambda}u(x)<\infty$ $\lambda;\in\Gamma(u),j=,$ $1,$ $\cdots,$ $n$ (3)
$u(x)-\lambda_{j}\in\hat{\mathcal{R}}_{\infty}(\Omega)$
4. $KdV$ .
$n=rank_{\Lambda}u(x)<\infty$ (2) $b_{i}(\lambda),$ $i=0,1,$ $\cdots,$ $n$
$\lambda_{j}\in\Gamma(u),$ $j=0,1,$ $\cdots,$ $2n$
(4) $G_{j}(x,t)=Z_{n+1}(u_{\lambda_{j},t}^{*}- \lambda_{j})-\sum_{=j0}^{n}b_{i}(\lambda_{j})Z_{i}(u_{\lambda_{j},t}^{*}-\lambda_{j})$
$B_{\pm}(\lambda)=\pm\partial+2q(x, t;\lambda)$ Darboux ([Ol, $p623$ , Theorem











$d_{j}(t) \frac{\partial}{\partial t}u^{*}(x,t;\lambda_{j})=\frac{\partial}{\partial x}G_{j}(x,t)$
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$G_{j}(x, t)$ (4) $Z_{i}(u_{\lambda_{j},t}^{*}-\lambda_{j}),$ $j=0,1,$ $\cdots,$ $n$
$\lambda$ $c_{i}(\lambda),$ $i=0,1,$ $\cdots,$ $n$
$G_{j’}(x,t)=Z_{\text{ }+1}(u_{\lambda_{j},t}^{*})+ \sum_{:=0}^{n}c_{i}(\lambda_{j})Z_{i}(u_{\lambda_{j},t}^{*})$
5. $n=rank_{\Lambda}u(x)<\infty$ $u(x)$ j Darboux
$u_{\lambda_{j},t}^{*}=u^{*}(x,t;\lambda_{j),\lambda_{j}}\in\Gamma(u),$ $j=0,1,$ $\cdots,$ $n$ $t\in P_{1}$ $KdV$
$d_{j}(t) \frac{\partial}{\partial t}u_{\lambda_{j,}t}^{*}=\frac{\partial}{\partial x}(Z_{n+1}(u_{\lambda_{j},t}^{*})+\sum_{j=1}^{n}c_{i}(\lambda_{j})Z_{i}(u_{\lambda_{j},t}^{*}))$
(3) $u_{\lambda_{j},t}^{*}$ $t\in P_{1}$ $\hat{\mathcal{K}}_{u}$
[Ol, p626, Theorem 4.2]
5. .
5 $KdV$










Darboux $\lambda$ $KdV$ $Z_{n}(u_{0}-\lambda),$ $n\in$
$z_{+}$ $C$ $\lambda$ $d_{1^{z}}mV_{\lambda}=2$
$b_{1}( \lambda)=-\frac{3}{2}\lambda-1$ , $b_{0}( \lambda)=-\frac{3}{8}\lambda^{2}-\frac{1}{2}\lambda$
$Z_{2}(u_{0}-\lambda)=b_{1}(\lambda)Z_{1}(u_{0}-\lambda)+b_{0}(\lambda)Z_{0}(u_{0}-\lambda)$
$F(x, \lambda)=Z_{1}(u_{0}-\lambda)-b_{1}(\lambda)Z_{0}(u_{0}-\lambda)=\frac{1}{2}u_{0}(x)+\lambda+1$






















$\frac{\partial u}{\partial t}-\frac{3}{4}u\frac{\partial u}{\partial x}+\frac{1}{8}\frac{\partial^{3}u}{\partial x^{3}}=0$
2 $KdV$
5 $u(x, t)$ Mathematica
$D[u[x$ , tl, tl - (3/4) $utx$ , tl $D1u[x,$ $t1,$ $x1$ $+$





Darboux $H(O)$ 1 $0$
Darboux















1 $u(x, t)$ $v(x, t)$ $3D$





$t=-100$ $t=-10$ $t=0$ $t=10$ $t=100$
2 $u(x, t)$ $2D$
$\tau$ Wroskian
KP [$H$ , p117] $KdV$ KP
Y Wronskian
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